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Weyl semimetals [8] [9] [10] [11] [12] , featuring doubly degenerate linear band crossing points in three-dimensional (3D) momentum space, have become a research focus in the field of topological matter [13] [14] . The Weyl points are monopoles of Berry flux with topological charges characterized by quantized Chern numbers. In additional to the tantalizing bulk properties that manifest the chiral anomaly 9, 15, 16 , the nontrivial band topology endows the Weyl semimetals with appealing surface states hosted by sample boundaries 8, [10] [11] . Remarkably enough, the surface band dispersion at Fermi energy forms open arcs connecting the projected Weyl points of opposite topological charges.
Recently, Weyl physics has been extended to artificial structures for classical waves such as photonic crystals and phononic crystals (PCs) [17] [18] [19] [20] [21] [22] [23] [24] [25] , in which the material ingredients with different optical or acoustic properties are periodically arranged.
Soon after the experimental discovery of the photonic Weyl points in a double-gyroid structure 18 , the associated surface arc states have been successfully observed in such classical systems [19] [20] [21] 25 . Interestingly, the more controllable structure design and the less demanding signal detection have enabled the macroscopic classical systems to be unique platforms [26] [27] [28] for exploring the topological band physics originally proposed in electronic systems. In this Letter, based on a novel woodpile Weyl PC with delicately designed surface terminations, we present the first experimental observation of topologically protected reflectionless negative refraction of surface acoustic waves (SAWs). Our results will not only advance the current knowledge on interfacial acoustics but also enrich the Weyl physics in condensed matter systems, thereby providing a new paradigm of exotic phenomena arising from band topology. In general, the wave response to an interface between two different sound media can be predicted by the well-known equifrequency contour (EFC) analysis, which works for both the interfacial systems formed by naturally occurring homogenous media and/or artificially constructed periodic structures 29 . As an extension of Snell's law established in homogenous media, the EFC analysis can be made based on three fundamental criteria. The first one demands an equal frequency of the incoming and outgoing beams for the linear media considered here. The second one requires a conservation of the momentum parallel to the interface. The third one is the causality,
i.e., both the reflected and refracted beams must leave the interface, yielding a constraint on their group velocities. Figure 1 illustrates various sound responses at one-dimensional (1D) or two-dimensional (2D) interfaces that separate different sound media. Comparing with the normal positive refraction (Fig. 1a) observed between two homogenous media (both featured by the EFCs expanding with frequency), an anomalous negative refraction (Fig. 1b) structures with terminations and thicknesses specified in the text. In each case, the slab is thick enough to avoid the coupling between the SAWs hosted by the two different surfaces. Rigid boundary conditions are applied to both slab surfaces, whereas Bloch boundary conditions are used for the remaining two directions, with fixed and varying or . In addition to the projected bulk bands, each numerical configuration gives the SAWs for both surfaces simultaneously, which can be further distinguished by inspecting the surface localization of the field distributions. Similarly, the EFCs (Figs. 2l-2n ) are extracted by scanning the surface Brillouin zone at the frequency 5.75 kHz. In addition to the numerical data provided in Fig. 2 , more simulations about the bulk and surface dispersions can be found in our supplemental material.
Experiment measurements.
To experimentally excite the SAWs, a broadband sound signal is launched from a (Figs. 2i-2k ).
